Cavicella subterranea gen. nov., sp. nov., isolated from a deep mineral-water aquifer, and emended description of the species Perlucidibaca piscinae ) for which we propose the name Cavicella subterranea gen. nov., sp. nov. We also propose to emend the description of the species Perlucidibaca piscinae to reflect new results obtained in this study.
The family Moraxellaceae currently comprises the species of the genera Moraxella (Lwoff, 1939) , Acinetobacter (Brisou & Prevot, 1954) , Psychrobacter (Juni & Heym, 1986) , Enhydrobacter (Staley et al., 1987) Alkanindiges (Bogan et al., 2003) , Branhamella (Catlin, 1970) , Perlucidibaca (Song et al., 2008) and Paraperlucidibaca (Oh et al., 2011) . The members of the family Moraxellaceae are common colonizers of a variety of environments such as mucosal membranes, the skin of humans and animals (mainly by species of the genera Moraxella and Acinetobacter) as well as marine, freshwater, soil and food-related habitats. The members of the family Moraxellaceae are aerobic, heterotrophic and nonfermentative, generally non-motile, Gram-stain-negative rods, coccobaccilli and diplococci. The presence of cytochrome oxidase and catalase is variable. Fatty acid profiles reveal a dominance of straight, saturated and unsaturated acyl chains. Members of the genera Paraperlucidibaca and Perlucidibaca have a higher DNA G+C content, ranging from 61 to 63 mol%, while the species of the other genera have DNA G+C contents that vary from 38 to 50 mol%.
We recovered one isolate from the water of a borehole of a still mineral water company in Central Portugal which belongs to a novel species of a novel genus for which we propose the name Cavicella subterranea gen. nov., sp. nov., represented by strain W2. T (5CECT 8582 T 5LMG 28332 T ).
Strain W2.09-231 T was isolated from a deep mineral-water aquifer in Portugal through the sampling port at the head of a 150 m stainless-steel borehole. This port was sterilized with a portable gas torch and the water was then turned on for 10 min before sampling. Borehole water samples were maintained at 4 8C for about 6 h before filtration. Aliquots of 250 to 1000 ml of the borehole water were filtered through membrane filters (Pall Supor-100, Pall; pore size 0.1 mm; diameter 47 mm), which were placed on the surface of R2A agar medium (Difco) containing cycloheximide (10 mg l
21
). The plates were wrapped in plastic to prevent evaporation and incubated at 22 8C for up to 21 days (França et al., 2015) . Cultures were purified by subculturing and the isolates stored at 270 8C in R2A medium with 15 % (w/v) glycerol.
The type strain of Perlucidibaca piscinae NBRC 102354 T was obtained from the Biological Resource Center (NITE), Japan, and used for comparative purposes. Unless otherwise stated, all biochemical and tolerance tests were performed, as described previously (Albuquerque et al., 2015; Smibert & Krieg, 1981) in liquid R2A medium or R2A plates (Reasoner & Geldreich, 1985) at 30 8C for up to 5 days. Cell morphology and motility were examined by phasecontrast microscopy during the exponential growth phase. The growth temperature range of the strains was examined with 5 8C increments between 10 and 45 8C by measuring the turbidity (610 nm) of cultures incubated in 300 ml metal-capped Erlenmeyer flasks, containing 100 ml of medium in a rotary water-bath shaker at 150 r.p.m. The pH range for growth was examined at 30 8C in the same medium by using 20 mM MES, HEPES, TAPS or CAPSO over a pH range from pH 5.0 to 11.0 with 0.5 unit increments, in a rotary water-bath shaker. Growth with added salt was determined in liquid medium with 0.5 % increments of NaCl between 0.0 and 2.0 %. Catalase, oxidase and DNase activities were examined as described previously (Albuquerque et al., 2015; Smibert & Krieg, 1981) . Hydrolysis of casein, starch, aesculin, gelatin and Tweens 20, 40 and 60 was performed in R2A medium as described by Smibert & Krieg (1981) . Additional characteristics were obtained using the API ZYM system (bioMérieux) at 30 8C. Anaerobic growth was assessed in culture medium containing KNO 3 (1.0 g l
) incubated in anaerobic chambers (GENbox anaer, bioMérieux). Nitrate reduction was tested using the method described by Smibert & Krieg (1981 ) and the carbon source (2.0 g l 21 ) were added to the medium. Growth of the strains on single carbon sources was examined by measuring the turbidity of cultures incubated at 30 8C in 20 ml screw-capped tubes containing 10 ml medium for up to 8 days. Acid production from carbohydrates was determined with the API 50 CH system (bioMérieux) according to the manufacturer's instructions, using API 50 CHB/E medium. Results were recorded after 48 h, 4 and 7 days of incubation at 30 8C. Oxidation of single carbon sources was assessed using the Biolog GN2 as described by the manufacturer and the results recorded after 48 h and 5 days. Polar lipids were extracted from freeze-dried cells and the individual polar lipids were separated by two-dimensional TLC and visualized as described previously (da Costa et al., 2011a) . To visualize phospholipids, aminolipids, glycolipids and total lipids the following reagents were used, respectively: molybdenum blue, ninhydrin, a-naphthol-sulfuric acid and molybdophosphoric acid (da Costa et al., 2011a) . Lipoquinones were extracted from freeze-dried cells and purified by TLC. The purified lipoquinones were separated by HPLC as described previously (da Costa et al., 2011b) . Known lipoquinones were also mixed with those of this organism as internal standards. Cultures for fatty acid analysis were grown on R2A plates in sealed plastic bags submerged in a water bath at 30 8C for up to 5 days. Fatty acid methyl esters were obtained from fresh wet biomass, separated, identified and quantified with the standard MIS Library Generation Software, version 6.0, aerobe TSBA method (MIDI) as described previously (da Costa et al., 2011c) . The DNA for the determination of the G+C content of the DNA was isolated as described by Nielsen et al. (1995) . The G+C content of DNA was determined by HPLC as described by Mesbah et al. (1989) .
Extraction of genomic DNA and PCR-amplification of 16S rRNA genes were carried out as described by Rainey et al. (1996) . 16S rRNA gene sequence was determined by Sanger sequencing (Macrogen, Netherlands). The DNA sequence was analysed with the ARB software package (Ludwig et al., 2004) , and the tree was reconstructed using the neighbour-joining and maximum-likelihood algorithms implemented in the same package. For the reconstruction, all the sequences of the type species of the family Moraxellaceae present in the 'All-Species Living Tree' project release 121 were used (Yarza et al., 2008 ) applying a positional conservation filter for domain Bacteria. Similarities were calculated on the basis of a pairwise comparison.
From a study aimed at describing the microbial abundance and diversity at source, after bottling and storage of a commercial still natural mineral water, we isolated one strain out of a total of 3626, designated W2.09-231 T . This isolate was found to be closely related to the type species of the genera Perlucidibaca and Paraperlucidibaca (França et al., 2015) . Analysis of the 16S rRNA gene sequence (1425 nt) showed that strain W2.09-231 T was affiliated with taxa of the family Moraxellaceae in the class Gammaproteobacteria. The phylogenetic dendrograms ( Fig. 1 and Fig. S1 available in the online Supplementary Material) reconstructed by the neighbour-joining and maximum-likelihood methods using the ARB software package showed the sequences to have the highest pairwise similarity to the species Perlucidibaca piscinae (94.5 %), Paraperlucidibaca baekdonensis (93.1 %) and Paraperlucidibaca wandonensis (92.8 %) (Song et al., 2008; Oh et al., 2011; Yoon et al., 2013) . Other species of the family Moraxellaceae showed 16S rRNA gene sequence similarity values below 89.8 % to strain W2.09-231 T . The new lineage formed a distinct clade within the family Moraxellaceae related with the genera Perlucidibaca and Paraperlucidibaca, which was supported by a bootstrap value of 100 % (Fig. 1) (Table 1) . Acetate and pyruvate were assimilated by both strains and D-xylose only by Perlucidibaca piscinae. However, Song et al. (2008) report a large number of single carbon source assimilations by Perlucidibaca piscinae. These results can only be reconciled by taking into account that different methods were used to assess single carbon assimilation. However, we tried to replicate the method used by Song et al. (2008) , but were unable to obtain similar results possibly because we could not discern the methodology properly; Song et al. (2008) cite Choo et al. (2007) for the methods, but the latter authors used Biolog GN2. Strains W2.09-231 T and Perlucidibaca piscinae were only positive for Tween 40, Tween 80 and methylpyruvate using Biolog GN2.
The polar lipid pattern on TLC of strain W2.09-231 T revealed the presence of diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine with identical migration to those of the type strain of Perlucidibaca piscinae (Fig. 2) . However, strain W2.09-231
T revealed an additional unknown phospholipid which was not present in the type strain of Perlucidibaca piscinae. The major respiratory lipoquinone of both strains was ubiquinone 12 (U-12), although Song et al. (2008) reported U-8 as the dominant quinone present in Perlucidibaca piscinae. We did not detect U-8 in the type strain of Perlucidibaca piscinae NBRC 102354
T . The type strain of Perlucidibaca piscinae as well as strain W2.09-231 T possessed similar fatty acid types dominated by straight-chain monounsaturated fatty acids (Table 2) , but there were large differences in the amounts of several fatty acids that allowed differentiation of the two organisms. The G+C content of the DNA of strain W2.09.231 T was 62.0 mol%, which is similar to the content found in Perlucidibaca piscinae and Paraperlucidibaca baekdonensis (Oh et al., 2011) but 10-20 mol% higher than that of other members of the family Moraxellaceae.
We propose that strain W2.09-231 T represents a novel species of a novel genus closely related to the genus Perlucidibaca, which can be distinguished from the type species of Perlucidibaca piscinae based on the presence of a major unknown phospholipid in strain W2.09-231 T , several phenotypic characteristics, namely lack of motility, absence of growth under anaerobic conditions, hydrolysis of Tweens 20, 40 and 60, and the 6 % difference in the 16S rRNA gene sequence similarity with the type strain of Perlucidibaca piscinae. On the basis of these results we propose that strain W2.09-231
T represents a novel species of a novel genus for which we recommend the name Cavicella subterranea gen. nov., sp. nov.
Emended description of the species Perlucidibaca piscinae Song et al. (2008) Characteristics are as given for the description of the species by Song et al. (2008) previously described species of the family Moraxellaceae. The phylogenetic relationships were reconstructed using the ARB software package and the neighbour-joining method. Bootstrap percentages (above 50 %) are shown. Bar, 2 inferred nucleotide substitutions per 100 nt. Song et al. (2008) . DData from this study. respiratory quinone is ubiquinone 12 (U-12). Only a few single carbon sources are assimilated.
Description of the genus Cavicella gen. nov.
Cavicella gen. nov. [Ca.vi.cel9la . L. n. cavum a cave (hole); L. fem. n. cella a small room, a cell; N.L. fem. n. Cavicella a cell from a cave (hole)].
Form rod-shaped cells, stain Gram-negative, do not form endospores. Organotrophic and strictly aerobic, oxidasepositive and catalase-positive. The polar lipid profile is composed of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and one unknown phospholipid; the major fatty acids are primarily straight-chain saturated and monounsaturated; ubiquinone 12 (U-12) is the major respiratory lipoquinone. The type species of the genus is Cavicella subterranea.
Description of Cavicella subterranea sp. nov.
Cavicella subterranea (sub.ter.ra9ne.a. L. fem. adj. subterranea below the terrestrial ground, referring to the origin of the inoculum).
Forms non-motile, rod-shaped cells 0.5 mm in width and 2.5 to 3.0 mm in length; colonies on R2A medium are not pigmented. Growth occurs between 15 and 40 uC. The optimum growth temperature is about 30 uC. The optimum pH for growth is about pH 7.5; growth occurs between pH 6.0 and 10.0. Optimum growth occurs without added NaCl; the maximum for growth is 1 % NaCl. Yeast extract is required for growth. Nitrate is reduced to nitrite. The major fatty acids are C 18 : 1 v6c and/or C 18 : 1 v7c, C 16 : 0 , C 16 : 1 v6c and/or C 16 : 1 v7c and/or iso-C 15 : 0 2-OH, C 12 : 0 and C 12 : 0 3-OH. Tween 20, Tween 40, Tween 60 and gelatin are degraded; aesculin, casein and starch are not degraded. DNase-negative. In the API ZYM test, esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are positive; other enzyme activities are negative. Acetate and pyruvate are assimilated. Other single carbon sources are not assimilated (Table 1) . Acid is not produced using the API 50 CH system. Tween 40, Tween 80 and methylpyruvate are positive on the Biolog GN2 test; all other reactions are negative.
The type strain, W2.09-231 T (5CECT 8582 T 5LMG 28332 T ) was isolated from a deep aquifer in Portugal. The DNA of strain W2.09-231
T has a G+C content of 62.0 mol% (HPLC method). Results are percentages of the total fatty acids (mean¡SD of two to four analyses); values for fatty acids present at levels of less than 0.5 % are not shown; TR, trace amount (,0.5 %); -, not detected. ECL, equivalent chain-length. A summed feature represents groups of two or three fatty acids that could not be separated by GLC with the MIDI system: summed feature 3 comprises C 16 : 1 v6c and/or C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; summed feature 8 comprises C 18 : 1 v6c and/or C 18 : 1 v7c. 
